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Abstract. We discuss a possible interpretation of the /o(980) and «o(980) mesons as hadronic 
molecules - bound states of K and K mesons. Using a phenomenological Lagrangian approach we 
calculate the strong /o(980) — ► kk and «o(980) — > nr\ as well as the electromagnetic /o(980) — > yy 
and ao(980) — > yy decays. The covariant and gauge invariant model, which also allows for finite 
size effects of the hadronic molecule, delivers results in good agreement with available data and 
results of other theoretical approaches. 
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INTRODUCTION 

The scalar /o(980) and ao(980) mesons have been analyzed in various structure inter- 
pretations amongst the most important are: quarkonium state, tetraquark configuration 
and hadronic molecule. In particular, the closeness to the KK threshold and their near 
mass degeneracy, problematic in the qq picture, give evidence for a hadronic bound 
state interpretation. In addition, recent calculations based on QCD sum rules and lattice 
QCD also support the q 2 q 2 configuration, where the quarks can either form a compact 
tetraquark or a loosely bound state of kaons 01 0L 

We present a clear and straightforward model which allows for a consistent evaluation 
of electromagnetic and strong decay properties of the ciq and /o considered as pure 
KK bound states f^. Covariance and gauge invariance are the main features of our 
theoretical framework which additionally considers the spatially extended structure of 
the hadronic molecules with a minimal amount of assumptions. 

SETUP OF THE MODEL 



In this section we focus on the 'supporting pillars' of our framework. The model is based 
on an interaction Lagrangian describing the coupling between /o and its KK constituents 

&fi t Kt(x) = 8 A Ktfi>(x) J d y *tf)x( x -l) K ( x+ D ' (1) 

with a similar expression for ao- Here, ££t K g{x) is expressed by the C£nter-of-mass 
coordinate x and the relative coordinate y. Trie compositeness condition [|4j,|50 provides 
a self-consistent method to fix the coupling gf Q KK between the fo bound state and its 
constituents. In order to describe the bound state of constituents the field renormalization 
constant Zy is set to zero 



z /o = i-4^ n Ho)= ' 



where g^^n(m/ ) is the mass operator. 

The correlation function 4>(j 2 ) in (Q~|) allows to account for the finite size of the fo as 
a bound state of KK. Although the vertex function is related to the shape and size of the 
meson its explicit form only plays a minor role. The second task of the form factor is the 
regularization of the kaon loop integral. Here we have chosen a Gaussian form 



In this section we study the electromagnetic decays of the /o(980) and ao(980), which 
proceed via the charged kaon loop. We derive the form factors in a manifest gauge- 
invariant way by evaluating the kaon loop integrals and finally deduce the couplings and 
decay widths. In the following the radiative decay is discussed for the case of the fo, the 
ao is treated in full analogy. 

First we restrict to the local case which corresponds to a vertex function with 
lim <E>( — k 2 ) = 1 in the phenomenological Lagrangian (QQ). For this case the electro- 



magnetic fields are included via minimal substitution. The resulting diagrams for the 
electromagnetic decay are figured in Figs. [Da) and b). 

As mentioned above, the spatially extended structure of the molecule is taken into 
account by inserting the correlation function ^(y). As a consequence gauge invariance 
of the strong interaction Lagrangian (OQ) gets lost. Hence, we deal with a modified gauge- 
invariant form 



grammatically, vertices with additional photon lines attached are generated correspond- 
ing to the graphs of Fig. [He) and d). It is important to note that these diagrams only give 
a minor contribution to the transition amplitude but are required in order to fully restore 
gauge invariance. 



where the index E refers to Euclidean momentum space. 



THE ELECTROMAGNETIC DECAYS 




Results 



Our results for the fo —* 77 decay width are (m/ =0.98 GeV) 

r /o ^ ry = 0.25 keV (A = 1 GeV) and r /o ^ yy = 0.29 keV (local) , 



which are in good agreement with experimental data: 




+{p hk,jh q 2 ) +(p Hf,?[H q 2 ) 

FIGURE 1. Diagrams contributing to the electromagnetic fo — > 77 decay. 



Reference 


m 


[8J 


[9J 


[10] 


T(/o -> 77) [keV] 


29+ 07 


n 9n sr+0.095 +0.147 
u - ZUJ -0.083 -0.117 


0.31±0.14±0.09 


0.29 ±0.07 ±0.12 



For the ao we used m ao =0.9847 GeV and obtain 

r flQ ^ ry = 0.20 keV (A = 1 GeV) and Ta^yy = 0.23 keV (local) . 



lying within the quoted range of present data T aQ yy = 0.3 ± 0. 1 keV . Unfortunately, 
theoretical predictions of different underlying meson structures (e.g. qq, q 2 q 2 ) overlap 
(Tab. [T]). Therefore, at this stage, the radiative decay cannot be used to determine the 
structure content of the ao and /q. However, the KK molecular configuration is sufficient 
to describe the electromagnetic decay. 

For the fo —> 77 decay properties, finite size effects play a minor role when both 
photons are on-shell. In contrast, the form factor depends strongly on the size parameter 
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FIGURE 2. The form factor Q 2 Ff yy*(Q 2 ) in dependence on Q 2 for the local (LC) and nonlocal case 
(NC). For the latter the form factor is given for different size parameters 0.7, 1.0 and 1.3 GeV. 



TABLE 1. fo — ► 77 decay width: comparison with qq, q 2 q 2 , hadronic 
approaches. 



Reference 


[12] 


[13] 


[14] 


[15] 


[16] 


Meson structure 


qq 


<?<? 


2 -2 

9 9 


hadronic 


hadronic 


r(/o -► 77) [keV] 


0.33 


0.31 


0.27 


0.2 


0.22±0.07 



A in case of virtual photons. In Fig. [2] we indicate the form factor Ff yy*(Q 2 ) with one 
real and one virtual photon with Euclidean momentum squared — Q 2 . To demonstrate 
the sensitivity of this form factor on finite-size effects we plot the results both for the 
local case and for the nonlocal vertex function with different size parameters A=0.7, 1.0 
and 1.3 GeV. In summary, an experimental determination of Ff Q yy*{Q 1 ) might pose a 
possibility to identify the underlying structure of the jV^o- 



THE STRONG DECAYS 



We also studied the strong /q — > KK and qq — > nr\ decays within our framework. 
Both decays proceed via the diagrams generated by the contact coupling of pions 
and kaons [Fig. 3(a)] and K* meson exchange [Fig. 3(b)]. Within this model, the K* 
meson is described by antisymmetric tensor fields. As was stressed in Ref. IU7m . the 
propagators S^*.„ v a a(x) and <S^L„ V aj8 differ by the contact term contained in the 

tensorial propagator S%> .„„„«(*) = a n (x) + ^-[g M ag VJ 8 -g^gva]S\x) . Using 

K 

this identity one can show that the contribution of the diagram Fig. 3(b) in tensorial 
representation is given by the sum of the graph of Fig. 3(b) in vectorial representation 
plus a graph, which is diagrammatically described by Fig. 3(a), but has opposite sign. In 
addition we obtain a term resulting effectively from the difference of two graphs of the 
type Fig. 3(a), but with different numerators in the expression. Numerically it is found 
that in the last term these two contributions almost compensate each other. 





(b) 



FIGURE 3. Diagrams contributing to the strong /q — > kk decay. 



Results 



The experimental results for the dominant decay processes fo — > nn and ao — > nr\ still 
have large errors. Our results are compatible with the data as indicated in the following 
table: 



Data 


r(/ kk) [MeV] 


Data 


r(a -> nr\) [MeV] 


PDG (2007) (total width) 


40-100 


PDG (2007) (total width) 


50-100 


BELLE [8J 


t-i -,+20.8 + 13.2 
Ji - J -17.7-3.8 


L3 [19] 


50±13±4 


Analysis [18] 


64±8 


WA102 [20] 


61 ±19 


Our Result (isospin limit) 


69 (A=l GeV) 


Our Result 


59 (A=l GeV) 



SUMMARY 

The scalar /o and ciq mesons were studied in a hadronic molecule model which is fully 
covariant and gauge invariant. Additionally, the finite size of the hadronic molecule are 
taken into consideration which leads to the only free parameter of the model being the 
cut-off A. Our results are in rather good agreement with experimental data. 

We also showed that for the electromagnetic form factor finite size effects become 
essential in the case of virtual photons. A more precise measurement of the decay width 
and in particular an experimental determination of the form factor could help to constrain 
the KK content of the fo and ciq. 

ACKNOWLEDGMENTS 

This work was supported by the DFG under contracts FA67/31-1 and GRK683. This work is also part of 
the EU Integrated Infrastructure Initiative Hadronphysics project under contract number RII3-CT-2004- 
506078 and president grant of Russia "Scientific Schools" No. 5103.2006.2. 

REFERENCES 

1. K.-F. Liu, Prog. Theor. Phys. Suppl. 168, 160-167 (2007), [arx"iv: 070 6 . 12 62 [hep-php 

2. H.-X. Chen, A. Hosaka, and S .-L. Zhu, Prog. Theor. Phys. Suppl. 168, 186-189 (2007), 
|arXiv: 0711 .1007 [hep-ph][ 

3. T. Branz, T. Gutsche, and V. E. Lyubovitskij (2007), [arXiv: 0712 .0354 [hep-ph][ 

4. S. Weinberg, Phys. Rev. 130, 776-783 (1963). 

5. M. D. Scadron, Phys. Rev. D57, 5307-5310 (1998), [hip~-ph/ 97 12425") 

6. J. Terning, Phys. Rev. D44, 887-897 (1991). 

7. W. M. Yao, et al., J. Phys. G33, 1-1232 (2006) 

8. T. Mori, et al., Phys. Rev. D75, 051 101 (2007), [hip~-ex/0 6100381 

9. H. Marsiske, et al., Phys. Rev. D41, 3324 (1990). 

10. J. Boyer, et al., Phys. Rev. D42, 1350-1367 (1990). 

11. C. Amsler, Rev. Mod. Phys. 70, 1293-1340 (1998), |hip~-ex/ 9708025 

12. M. Schumacher, Eur. Phys. J. A30, 413-422 (2006), |hep~-ph/ 60 9 OTP] 

13. M. D. Scadron, G. Rupp, F. Kleefeld, and E. van Beveren, Phys. Rev. D69, 014010 (2004), 

|hep-ph/0309109l 

14. N. N. Achasov, S. A. Devyanin, and G. N. Shestakov, Phys. Lett. B108, 134-139 ( 1982). 

15. J. A. Oiler, and E. Oset, Nucl. Phys. A629, 739-760 (1998), |hip~-ph/ 970 6487] 

16. C. Han hart, Y. S. Kalashniko va, A. E. Kudryavtsev, and A. V. Nefediev, Phys. Rev. D75, 074015 
(2007), |hep-ph/ 7 1 2 1 4| 

17. G. Ecker, J. Gasser, H. Leutwyler, A. Pich, and E. de Rafael, Phys. Lett. B223, 425 (1989). 

18. V. V. Anisovich, V A. Nikonov, and A. V. Sarantsev, Phys. Atom. Nucl. 65, 1545-1552 (2002), 
|hep-ph/0102338[ 

19. P. Achard, et al., Phys. Lett. B526, 269-277 (2002), |hip~-ex/ 0110073 

20. D. Barberis, et al., Phys. Lett. B488, 225-233 (2000), |hep-ex/ 00070191 



